The paucity of research pertaining to the heterosis, combining ability, nature of gene action and proportional contribution of lines, testers and their interactions for insect-pest and disease resistance in cucumber motivated us to undertake this study. The experimental material comprised 48 F 1 hybrids, developed by crossing 16 lines (eight gynoecious) with three testers during the year 2011. Parents (16 lines and three testers) and their F 1 48 hybrids, along with two standard checks ("KH-1" and "Pusa Sanyog"), were planted in a Randomized Complete Block Design (RCBD) during the year 2012 for screening against different insect-pest and diseases under natural field conditions. In the present studies, genotypes LC-1-1, LC-2-2, LC-15-5, CGN-20969, CGN-20953, Poinsette and K-75 and crosses LC-1-1 × K-75, LC-15-5 × K-75, LC-3-3 × K-75, CGN-20969 × Japanese Long Green, and CGN-20953 × K-75 were found superior in response to insect-pest and disease incidence. Gene action studies indicated predominant role of non-additive gene action governing all the traits except fruit fly incidence, thereby, indicating usefulness of heterosis for disease resistance breeding in cucumber. Further, proportional contribution of lines was recorded highest for severity of powdery mildew and angular leaf spot, whereas testers were found superlative for fruit fly incidence and severity of downy mildew. Therefore, selection of parents should be done depending upon the trait of interest for resistant hybrid development in cucumber.
Introduction
Cucumber (Cucumis sativus L.) is one of the most important cucurbitaceous vegetable crops, infected by number of insect-pests and diseases. Extent of yield losses caused by the insect-pests in cucurbitaceous vegetables ranged from 30 to 100 per cent depending upon cucurbit species and the season in different parts of the world (Dhillon et al., 2005) . Like other cucurbits, cucumber is also being subjected to damage in India by wide array of insect-pests right from the initial stages of the crop to final harvesting (Ghule et al., 2014) . Fruit fly (Bacrocera cucurbitae Coq.) is one of the most destructive pests often rendering cultivation of cucumber unprofitable (Chaudhary and Patel, 2012) . The fruits are damaged by the maggots of this fly as the female fly lays its eggs in the tissues of fruits. Due to fruit fly infestation, 73.83 per cent damage was reported from cucumber crop (Krishna et al., 2006) . Among the various diseases, powdery mildew caused by Sphaerotheca fuliginea is one of the most devastating diseases in cucurbits. Crop yield can decline as the disease severity increases. Severe infection by powdery mildew before the flowering stage can reduce the yield of cucumber fruit by 20-40 per cent (Lamsal et al., 2011) . Leaf infestation by this pathogen interferes with photosynthesis and respiration, leading to reduced fruit set, inadequate ripening and poor flavour development (McGrath, 1996) . On the other hand, downy mildew of cucumber (Pseudoperonospora cubensis Rostow.) also causes serious losses under favourable environmental conditions. In many regions of the world having high humidity, it is main limiting factor for cucumber production (Wehner and Shetty, 1997) . Downy mildew decreases flower set and fruit development by destroying the foliage (Hashmi, 1994) . Besides this, angular leaf spot of cucurbits is caused by Pseudomonas syringae pv. lachrymans is the most widespread bacterial disease of cucurbits. It has been reported in a wide range of cucurbits throughout the world. Early infection results in significant reduction in the number of fruits and fruit weight. From these reports, it is evident that attack of these insect-pests and diseases is a key factor in reducing the yield and quality of cucumber. Today, management of these insect-pests and diseases is highly dependent on chemical fungicides 816 DOI: 10.5958/0975-928X.2018 .00102.3 (Anand et al., 2009 , which is quite hazardous to human health and environment. Therefore, use of the cultivars that are resistant to these insect-pests and diseases can be effective in reducing damage and yield losses of cucumber. But, there are very few sources of cucumber germplasm available worldwide, which has resistance to insect-pests and diseases viz., EC-173934 (fruit fly), PI 200815, PI 200818, C. hardwikkii (powdery mildew), B-184, B159 (downy mildew) and H 603 and 859/1 (angular leaf spot). Hence, there is immense need of developing resistant varieties/hybrids of cucumber to minimize the severe yield losses caused by these biotic factors.
Heterosis breeding has come to play a pivot role in crop improvement for yield and quality attributes (Singh et al., 2014 (Rattan and Chadha, 2009) . The combining ability studies aiming to identify inbred lines with good general and specific combining ability effects rely on the availability of genetic diversity among the genotypes involved in a breeding program (Legesse et al., 2009 (Anonymous, 2009) have been followed during entire period of study.
The observations for fruit fly incidence (%) were recorded on five randomly selected plants in each entry (genotype/hybrid) over the replications. The total number of fruits per plant and fruits infested with fruit fly were counted from the randomly selected plants to work out the incidence of fruit fly as per the following formula: The occurrence and severity of powdery mildew (%), downy mildew (%) and angular leaf spot (%) was recorded periodically under natural conditions. For each disease 15 different leaves were randomly selected from different levels of height (from top to bottom) from five plants of each genotype/hybrid. Angular leaf spot is characterized by appearance of water-soaked areas on the plants foliage. They later on become dry, chalky and cracked. While, in downy mildew initial symptoms include large, blocky, yellow areas visible on the upper surface. As lesions mature, they expand rapidly and turn brown. We have confirmed it microscopically as mycelial growth was observed in case of downy mildew, while bacterial ooze was seen in the leaves infected with angular leaf spot. Disease severity for powdery mildew was recorded by adopting the 0-5 scale given by Ransom et al. (1991) , while disease severity for downy mildew was recorded by adopting the 0-4 scale given by Reuveni (1983) . On the other hand, disease severity for angular leaf spot was recorded by adopting the 0-5 scale 817 DOI: 10.5958/0975-928X.2018.00102.3 given by Bhat et al. (2007) . Per cent disease severity (PDI) in all the diseases was calculated by using the formula as given below (McKinney, 1923) :
Where, n=number of leaves in each category; v=numerical value of each category; Z=numerical value of highest category; N= total number of leaves in a sample The data recorded on the 48 hybrids, along with 19 parents (16 lines and three testers) and two standard check cultivars were subjected to analysis of variance manually in MS Excel-2007 worksheet as per the formulae given by Panse and Sukhatme (1967) . For line × tester analysis, replication-wise mean values of parents and their 48 F 1 hybrids for each trait were subjected to statistical analysis as per the model suggested by Kempthorne (1957) by using OPSTAT software. The additive and dominance components of variance were computed by following Singh and Chaudhary (1997) and Dabholkar (1992) . The per cent contribution of lines, testers and their interactions were estimated as per the formulae given by Singh and Chaudhary (1997) by using SPAR-1 software. The estimates of heterosis were calculated manually in MS Excel-2007 worksheet as the deviation of F 1 mean from the mid-parent (MP), better parent (BP) and standard check-I (KH-1) and standard check-II (Pusa Sanyog), respectively, by using the following formulae (Singh, 1973) : Further, statistical significance of all the estimates of heterosis was assessed via t-test (Wynne et al., 1970) .
Results and Discussion
All the 19 parents and their 48 F 1 hybrids studied, responded differently to the attack of different insect-pest and diseases viz., fruit fly incidence, severity of powdery mildew, downy mildew and angular leaf spot (Table 2) . Substantial variation was observed among the parents and hybrids for fruit fly incidence Variation in response to fruit fly incidence was also reported earlier by Thakur et al. (1992) in bitter gourd and Kumar (2006) and Sharma (2010) in cucumber. Wide variations with respect to severity of different diseases in cucumber were also recorded by Morishita et al. (2003) , Block and Reitsma (2005) , Sakata et al. (2008) and Kumar et al. (2012) for severity of powdery mildew; Charoenwattana (2009), Brar et al. (2011) and Call et al. (2013) for severity of downy mildew and Bhat et al. (2007) , Woltman et al. (2008) and Kumar et al. (2012) for severity of angular leaf spot in cucumber. On the basis of mean performance, parents LC-1-1, LC-2-2, LC-15-5 and CGN-20969 among lines, and Poinsette among the testers, were superior for different traits under study. Among the hybrids, LC-1-1 × K-75, LC-15-5 × K-75, LC-3-3 × K-75 and CGN-20969 × Japanese Long Green were found to be most promising. Among above mentioned parents and hybrids, parental line LC-1-1 and the cross-combination LC-1-1 × K-75 were also found promising for yield and yield contributing traits (Kumar et al., 2017) . The common approach of selecting parents on the basis of per se performance does not necessarily lead to fruitful results (Allard, 1960) . Therefore, before drawing any conclusions, we determined combining ability for the different traits under study.
The analysis of variance for combining ability revealed significant differences among the parents and hybrids for all the traits under study (Table 3 ). The genotypes, LC-1-1 and CGN-20953 (for fruit fly incidence, severity of powdery mildew and angular leaf spot), LC-2-2 (for fruit fly incidence, severity of downy mildew and angular leaf spot), LC-3-3 and LC-15-5 (for fruit fly incidence, severity of 818 DOI: 10.5958/0975-928X.2018.00102.3 powdery mildew and downy mildew), Poinsette (for fruit fly incidence, severity of powdery mildew and downy mildew), K-75 (for fruit fly incidence and severity of downy mildew) and Japanese Long Green (for severity of angular leaf spot) were found good general combiners as reflected from their consistent performance for desirable negative GCA effects (Table 4 ). Significant negative general combining ability (GCA) effects of different parental material for biotic stresses were also reported by earlier workers viz., Kumar (2006) and Sharma (2010) for fruit fly incidence, Sharma (2010) for severity of powdery mildew and Brar et al. (2011) for severity of downy mildew in cucumber. But, no report is available in the literature pertaining to the GCA effects for severity of angular leaf spot in cucumber. On the basis of present investigations for GCA effects, it may be concluded that the five parental lines, viz., LC-1-1, LC-2-2, LC-3-3, LC-15-5 and CGN-20953 along with the tester, K-75 were found to be good general combiners for different traits under study. These genotypes may be utilized in hybridization programs for obtaining superior resistant hybrids or transgressive segregants. For marketable yield per plant, the genotype LC-1-1, CGN-20953 and K-75 had exhibited highest positive GCA effects (Kumar et al., 2017) .
Specific combining ability (SCA) effect helps in identifying the best cross combinations for various traits. These effects arise due to nonadditive gene interactions. Among all the hybrids, five best crosses viz., LC-1-1 × K-75 (good × good), CGN-20953 × K-75 (good × good), LC-15-5 × Poinsette (good × good), LC-3-3 × Poinsette (good × good) and LC-2-2 × K-75 (good × good) for fruit fly incidence; LC-15-5 × K-75 (good × poor), CGN-20953 × K-75 (good × poor), Gyne-5 × Poinsette (average × good), LC-1-1 × K-75 (good × poor) and LC-3-3 × K-75 (good × poor) for severity of powdery mildew; CGN-20969 × Japanese Long Green (good × poor), CGN-19533 × K-75 (poor × good), CGN-22930 × Poinsette (poor × good), LC-25-7 × Japanese Long Green (good × poor) and LC-15-5 × Japanese Long Green (good × poor) for severity of downy mildew; CGN-20953 × K-75 (good × poor), LC-1-1 × K-75 (good × poor), LC-25-7 × K-75 (good × poor), CGN-20969 × Japanese Long Green (good × good) and LC-2-2 × Poinsette (good × average) for severity of angular leaf spot revealed significant negative SCA effects (Table 5) . Most of the above crosses have the parents with good × poor GCA effects, which indicated the involvement of both additive and non-additive genetic variances. Such types of cross combinations are most desirable for genetic improvement of any crop through heterosis breeding. The other crosses had the involvement of either good × good or average × good combiners, which indicated the presence of additive × additive or additive × dominance type of gene interactions. Significant negative estimates of heterosis with the involvement of parents with different GCA effect have been reported earlier by Brar et al. (2011) for severity of downy mildew and Kumar (2006) for fruit fly incidence in cucumber. On the basis of overall performance, the cross combinations LC-1-1 × K-75, LC-15-5 × K-75, CGN-20969 × Japanese Long Green, and CGN-20953 × K-75 were found to be the best hybrids for different traits under study. Among the abovementioned hybrids, SCA effect for marketable yield per plant was also found significantly high for the cross-combination LC-1-1 × K-75 (Kumar et al., 2017) .
The estimates of genetic components of variance facilitate to adopt suitable breeding strategy for the purposeful management of generated variability for the traits under genetic improvement (Cockerham, 1961 and Sprague, 1966) . The mean sum of squares due to GCA and SCA were highly significant for all the traits under study, indicating the importance of both additive and non-additive genetic components of variance (Table 3) . Further, the mean sum of squares due to GCA and SCA were used to estimate the variances for GCA and SCA, respectively, based on which nature of gene action has been worked out.
The estimates of  2 sca were higher in magnitude as compared to  2 gca (average) for all the traits except fruit fly incidence (Table  6) , thereby indicating predominant role of nonadditive gene action governing these traits. Among the traits under study, where SCA variances were higher than GCA values, dominant components of variance ( 2 s) were also higher than the additive components ( 2 g), indicating the role of non-additive gene action. Further, variance ratio was found less than one for all the traits except fruit fly incidence. Again, it confirmed the role of nonadditive gene action controlling most of the traits under study. After having an insight into the GCA and SCA variances as well as (Kumar, 2006) . Alternatively, exploitation of hybrid vigor or reciprocal recurrent selection, which capitalizes on both additive and non-additive variances, might be more effective for severity of powdery mildew, downy mildew and angular leaf spot, which had either high or equal dominant ( 2 D) components of variance to that of additive ( 2 A) components (Ghaderi and Lower, 1979; Lower et al., 1982; Musmade and Kale, 1986) . The proportional contribution of lines, testers and their interactions to the total variance showed that both the lines and testers played equal role towards the total variance for the traits under study (Table 6 ). The contribution of lines was found highest for severity of powdery mildew and angular leaf spot as compared to individual contribution of testers and lines × testers interactions. It revealed higher estimates of GCA variance i.e., additive gene action among the lines for the abovementioned traits (Nadali and Nadali, 2010) . The proportional contribution of testers was found higher than the individual contribution of lines and lines × testers interactions for fruit fly incidence and severity of downy mildew, which is also due to the additive gene action among the testers for these traits. The contribution of lines × testers interactions was found lower than the individual contribution of lines and testers for all the traits under study. The lower contribution of lines × testers interactions than lines or testers for all the traits indicates lower estimates of specific combining ability variance. There are no reports available in literature about the proportional contribution of lines, tester and their interactions for insect-pests and disease incidence in cucumber.
The estimation of heterosis for different traits revealed significant differences among different cross combinations (Table 7) . In the present study, number of the hybrids revealed the significant negative heterosis for fruit fly incidence. But, the cross combinations LC-1-1 × K-75, CGN-20953 × Poinsette, LC-3-3 × Poinsette, LC-15-5 × K-75 and Gyne-5 × K-75 were rated as best heterotic crosses due to their significant negative values for all the estimates of heterosis under study. Kumar (2006) and Sharma (2010) had also reported negative heterosis for fruit fly incidence in cucumber. Besides this, ample number of the hybrids recorded the significant negative heterosis for severity of different diseases under study. But, CGN-20515 × Poinsette, CGN-20953 × K-75, LC-3-3 × Poinsette, LC-15-5 × K-75 and Gyne-5 × Poinsette for severity of powdery mildew, LC-3-3 × K-75 for severity of downy mildew and CGN-20969 × Japanese Long Green and LC-1-1 × K-75 for severity of angular leaf spot, revealed significant negative values for all the estimates of heterosis. Significant negative heterosis for severity of powdery mildew and downy mildew was also reported by Sharma (2010) and Brar et al. (2011) , respectively. In our study, we have computed the different estimates of heterosis for insect-pest and disease resistance by using gynoecious parental lines, whereas earlier workers studied only one or two types of heterosis for monoecious cultivars of cucumber. On the basis of overall performance, heterosis studies revealed that hybrids LC-1-1 × K-75, LC-15-5 × K-75, LC-3-3 × K-75 and CGN-20969 × Japanese Long Green had significantly high negative heterotic values for different traits under study. Among these cross combinations, LC-1-1 × K-75 had significant positive values for different estimates of heterosis for number of marketable fruits per plant, harvest duration and marketable yield per plant (Kumar et al., 2017) , hence it is designated as best heterotic cross combination among all the hybrids under study. Hence, hybrid vigor may be exploited commercially for the improvement of these traits in cucumber.
On the basis of mean performance and general combining ability studies, we concluded that among the parents, lines LC-1-1, LC-2-2, LC-15-5, CGN-20969 and CGN-20953, and testers Poinsette and K-75 were found superior in response to insect-pests and disease incidence. The cross combinations LC-1-1 × K-75, LC-15-5 × K-75, LC-3-3 × K-75, CGN-20969 × Japanese Long Green, and CGN-20953 × K-75 were found best on the basis of mean performance, specific combining ability and heterosis for different traits under study. However, among above mentioned parents and hybrids only parental line LC-1-1 and cross combination LC-1-1 × K-75 were found superior for yield and its attributing traits, hence it is designated as best parental line and hybrid, respectively. Further, gene action studies concluded that all the traits except fruit fly incidence were inherited by dominance components of variance. Hence, heterosis breeding could be exploited commercially in cucumber for the development of insect-pests and disease resistance parthenocarpic gynoecious hybrids/transgressive segregants. Further, proportional contribution of lines was recorded highest for severity of powdery mildew and angular leaf spot. Besides this, testers were found superlative for fruit fly incidence and severity of downy mildew. Therefore, depending upon the trait of interest due attention should be given on the lines and testers for the development of insect-pests and disease resistance parthenocarpic gynoecious hybrids/transgressive segregants in cucumber. 
